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Annerease in temperabare from 507 1o 1207 € var ed the depree
of polymenzation i o from 2700 Lo TE30, anercacangy the
temperature from 1207 o 1507 Clpar ed Lhe depree ol polymerniza

s hour from 10 Lo [ovetie acid b heen deliydrated
P70 ander veduaced precoure (28) and ot roorm Lemperature in a
deviceator (44) contammy culfurie acid over perod s of 2 6o 18
monthe:

Faetie aeid polyimers (1) of relatively high rooleealar wenrht
(approsinately 3000) can be made conventently by heating lae
fade, 1wt 1507 Lo 2007 0 Aceardimg o vz and e
workers (o), o traee ol wader oo vequired for this trans formation
Polylactic acid with an average deprec of polymenzation of abont
60 and o molecular wenrht of approsnnately 4500 has been pre
pared (o) from laetide T Bezz and co workers, () tabed thit
the prepurntion of polyvlactic aerd having aomoleenlar wepght,
Bigrher Lhian 5000 0 anhikely owing to production of water by
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Leetie aerd wan dehydiated mceveral expermments to deter aerente that calfuree aerd b an aeceleratmg effect for the first
mine (he effeet of temperatire, Dime, presoare, and entalyst hour under redneed presare  alter whieh the rate of dehydim
able 11 oand e o The Tene aerd snnaple and the neck fion decrease Al 135 O under reduced precoures, alter the
the Lk teadime to the condencer were hented by vapors of et bour the rate ol dehydration wa preater e Lhe abenee ol

bothing, n butanol or n pentanol. The fael that o detadlation Sullure aerd than e precence
colunmn was not weed e pathy re ponsable for dititlntion of Tnctie Fipure b chows that anmerense temperature oo minrked
aerd along o with the water, influenee npon deliydrmtion under almonpherie presaure. The
dictillaten colleeted after 1 honr ol TELY and 1357 Coorenpee

tively, were 3and 32

iml.

In apreement with previow: workers entrnmg apents faerhi
tated the removal of water from Tachie acid under atmozpherie
preciure. Only 3 mlof dialate were oblained el hour at

P1O L (Fapare ) an the abienee of s entraamng, apent, hut 3H

Al

, © e—
{Hoveyy——

il were eolleeted in 1 homr when henzene wan the entronimg,
arent, cven though the temperature of the reaction mpbuare was
only SH7 o 1037 Poth ralfurie and borie acidsmeren cod the
pite of dehydrtion when entrnnmg apenlswere wred (Fpare 6).

With entraining aeents, the rate of removal of wader wa pro
portional to the boilinge points of the npent. For example, A%,

O, and 63 nl ol distllte were obtamed m 2 hours when henzene,

tolaene, or xylene, reapectively, wie the entraining apent (g,

wre 6). Decomposition was noted with xylene aapent, toward

PIOS i ANV the end of the debiydition when the temperalure wis approxi

TIME OF HEATIHG, HOUKRS mirdely AL C TP resnl owae unes peeted, mmee it ha heen
Figure 1. Dehydration of Lactic Veid at 1207 and 2107 €L reported thal polylactic acid e stable s to 2007 Table 1
Shows it apprecinble mmounts ol factie aeid may dictll under
come condition dunng debiydition. The quantity of acid

When Lretie aeid war dehydmted ot 1L €L under atmo, which i tlled when henzene wae the entrainine apenl wad
pherie presure, the preocence of culfure acrd did not aecclernte cinall
the distillntion of water (Figure 5y Dehvdration at 11H” ander . e e
atmaspherie pressure wae so slow that complete dehydrtion Gre CONTINUOUS PRODUCTION OF POLVEACTIC ACID
moval of one mole of water per maole of Taetie aerdy would not l'u|j,l:|t‘||t':|w|«l Wil ]nrp:nul continunonsly under redueed pres
have been reached inoany reasonable fines Poe of reduecd ures by prosimg approximately S0, Inetie neid down a hented
presoure neeclerated dehydiation to o remarhable degrees For colunmm (Pyres tube, Tinehom dsrneter and 4 feet long) packed
example, 70 ml ol water were removed under 37 to 10 . pres with cmall [erf'(‘l.’llll Poorl caddlen, by withdraw iy water vipor
anre in 6 hours, wherens only Sl ol water were pemoved in the from the top of the colum, and Ly removing aetie acid polymers
wune Lime ot atmospherie pressare, from the bottonr, The tower was heated clectrienlly, and the

Althouph sulfurie aeid war not heneficial when S99 laetie fernpernture war controlled and recorded antomatieally. Al
neid wae dehydeated at 1157 o under atimosphenie precoure (1 thongh the polymer, were vieeon el alids ol room tempera-
] of concentrated neid in 2 moles of ST, Taetie seid), the sul tre, they were ather flud al about 1007 CLoand enaly with
furie neid necelerated the removal of waterat P nnde redueed i from the hottom of the towers Waler vapor withdrawn
pressures (Figare 5H). The amonnt - of dictiliate obtomed o from the top of the tower wie conden od and ttrated o deter
hour in the abeenee and in preconee of culfure e i, e pectively, ine the aeid content. TEwaon arned that the acidity of the
were 55 and 71 ml. di e v e ed by lactie aneds The temperature lrted n

For the dehydrtion expernnent ot 1557 O (Figare 5y, the Pable T were recarded from o thermoconple loented 2 feet from
renction mixbure and the neek of the (ko were heated by the the bottom of the colamn
vapors of hoiling n pentanal. Two moles of SE7Y, Tnetie neid Caornpari on of experiment:s 216, 210, and 21 with Interexperi
were dehydrated, and the veoalts are rouphly comlar to tho e oh ent how. that colfune aeid i concentration hipgher than 0.05
tained at 1157 C
Sulfurie neid had
little effect upon AI T TTT ! acgum gnd Cutolyet (} tp—”l_(;)_‘»
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Pavee TV, Conrinvous Denvorarion or Lacreie Acin wrrn

lonrrarviNnag ANt N a Pacien Towee

liapt. HaB04,  Eotrnining Presnare,
No. ML Apent N

371 1.0 Benzene Alm, 96 108 g2
372 0 b Benzene At D6 10X 5.0 K7
3740 O 20 Bensene Atm, K71t 4.0 %3
Rkl None Benzene At 91 130 H 0 e
BE] 0 24 Toluene 10O 140 0106 . )

Time,  Dehydra
1. tion, 9, b

Temp
",

@ Inoench experiment 11O g ST700 Tnetio werd wned 200 01, entinining
nent were mu'x‘, With the exception ot experiment 377, npproximntely 0.0,
Inetie werd wan found o Che dastillnte.
b Remaoval of all free witer and 1 omole water per mole Tnetie weid connti
tuten 1007, debydintion.  Correction was nonde Tor eetie aerd i distillate,
< Approxuantely 17, of lnetie nerd dutited.

Lnctie acid can be dehydrated or polymerized conveniently
also under atmospherie pressure with an entradning apent,
('Fable 1V).

the top ol the electrically heated packed tower (1 ineh in disan-

bactic neid (S1790) was paesed conlinuously into

cler, 4 feet long), benzene or toluene vapor was introduced near
the bottom of the tower, and polylactic aeid was withdrwn st
When waed aseatalyst sulfurie acid was dissolved
in the Tnetie aeid prior fo pasage into the tower,

the bottom.
The vapors
(consisting, of entraining apent, waler, and cmall amounts of
luctic neid) withdrawn from the top of the tower were condensed,
the upper luyer of the condensate wie pasced into o hented flask,
and Che entraining agent was refurned o vapor to the hottom of
the colummn. This continuous method of dehydrating luetic
acid, which requires neither reduced presoures nor high tempern
tures, wiss convenient and casily operated. The resulting poly

)
mers contained  some benzene or toluene, hut, their presenee
should not be objectionable for certzan purposes. The entrain-
ing agent ean be removed from the polymer when its presence i
undesirnble,

The effectivencas of sulfurie aend wen eatalyst wan apnin dem
onstrauted by the experiments of ‘Table 1V, When sulfurie aeid
was nob present (experiment. 377), the dehydration wasonly 729,
even Lhough the reaction tme was approximately three Gimes
that in the other experiment,

Fntraining agents mipht be weed i the Trge ceale dehydration
of lactic ncid to facilitate the removal of water and imtroduce
some of the enerpy requived for dehydration and dictillation.
Considerable encrpy could he introduced into the dehydration
apparatus by preheating hoth the entraiming apent and the laetic
neid Lo relatively high temperatures (under inerensed pressare
il desirnble) just prior to passape into the tower, The use of
gnses rather than orpanie guids would have eertam advantapes,
auch ns low cost and case of ceparation from polymer and dis
tillate.

Althouph the experiments reported here demaonsbrate that 809,
lactic acid of good quality can he dehydeted convenently and
continuously, it i not chimed that the methods deseribed wonld
prove more cconomicad than dehydration s tandard cquipment,)
such as multiple-cffeet evaporators, now widely used for drying
and dehydrating other materinle, Crude Jactie aeid was ob
served Lo be less saitable for convercion into the condensation

polymers

ACKNOWLEDCGMENT

Fhe authors are prateful to other membern of the Carbohy
drnte Division of this laboratory for cooperntion and wninlanee
in conducting these expernmen (s,

LITERATURE CITED

banann, B Sehiweizer, I, and Schmeller, Mo Z0 phyaol.

Chem., 222, 120 30 (1930

Pannister, WoO o, UL S Patent 2020096910 (Feh o4, 1936).

Yoz, S0 A men . accad. sed Dadapa, 55, =5 99 (1939)

Prezzt, S nnd Anpelo, B Gaee el ital | 68, 215 21 (1935)

Bezzi, 5., Riceobont, Lo,and Sallion, € AMem. accad. Ttalia,
Classe sen i mal. nab., B, 1207 200 (1937

Borsook, H., Hooffonan, 1N and Taw, Y. ., J. Bidol. Chem
102,119 60 (1935

Brigrgren, Noovon der, A, 148, 2o B0 (1

Buarloard, O and IKahiovee, 1 Monatahe, 11, 530 40 (193%).

Ciarothers, Wo HL, Doroagh, G 1, and Van Natta, 10,
JoAm Cliene. Soe. B4, 161 LY

Chem. Werke Hemreh By, Gertnnn Patent 275,457 (1912

Chenurgie Digest, 1 (11, S, T Substitute from Cows’
% BTN S KPR PO

Dictzel, R and Keog, R, Ber, S8B, 1307 14 (1020)

Dhuctzel, 1 and 'Tanlel, Ko 7 Nabo . Gessan ., 49, G 0h (19:2h)

Doroagh, Coob U S0 Patent 1,995,970 (1930).

Thidd )2 107 208 (193

Foeder, B and Watter, 1 Helo, Chine. Acta, 9, 305 61 (1926

T .9, L5778 (1926

Fonprelhondt, von, Awp., 10, 201 L0 (1549)

Filachione, 1o ML Fein, ML Fasher, GO, and Simith, LT
Davoof Tndl Foape Chem, ALCS L Dietraont, Apnil, 19435,

Fichier, GO Rehbere, oo, and Sonthy, 1P J 0 Ame Chem
Soe, 6L, 6 (1910,

ooy L, o and Pelovze, Jo, A, 7, A0 07 (1833).

Ciehrkoe, N aond Wl 11, 7 phpeid. Chen, A142, 501 %
(1909,

Chrater, RO and Pabd U5 Patent 1,160,595 (1910)

Hens, by Ber 4, 7h0 6 (I8

Hovey, NG and Hodgane, U0 S, Paint, Od Cheme Res., 102
[ IR I D VA R A MR ISV

Johanzcon, T and Sebelne, T Ber ) S28, 7405 L2 (1019)

Junptlereh, Fooand Godelhot N Copept. vend., 140, LO2Z 5
(1900,

Thoe 0 VEE TEE 1S (1900)

Thied ) VA2 L1 15 (1906),

Thod ., 147 T (1906,

Ioradfe, I and Dyes, WAL

Lapht, Lo, Pacnt Mawaf 10, 1356 (14940

Mos, Wo H LS, Patent 1871720 (1932,

Neto Jo Ul A, A3, 317 21 (1914

Pelovze, ., Thie [ B AT S G S HY

tingrer, O and Skrabal, AL Monatsh., A3, HO7 238 (1923).

Sebonle, Ho A and Bow, 2.Q J0 Am. Chene, Soc., 43, 36105
(19.01).

Sroothy, Lol Fishier, COTE BRatehford, Wo P and Fein, MO,
Inn b, Cligeon o, 34,475 79 (1942).

Thurmond, GO and g, G Thad ., 16,

Watson, 1D, Thad 32,399 401 (1940).

Wiateon, P Do U Patent 2 101,502 (193Y)

Thie .2 V00 A9 (19549,

Phid 2 U89 572 (1910,

W lieenn o A V33, 007 87 (1560) .

Thued ) 164, TXT 96 (1872

iy KL Kb Beferal, Zhur., 1940, No. 9, 1100 Chem
Abs, 3, 569 (19105)

Lier ., 28, 2050 07 (1805

6 (1921)




